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Abstract

YBa,Cu;0,.5 thin films were deposited by laser ablation using modified melt-textured grown targets. As the laser energy
density was increased, the films showed an increasing c-axis orientation and an improvement of superconducting properties.
However, at 4 J/cm?, the degree of c-axis alignment and J, of the film were considerably reduced. These were attributed to
the enhanced a-axis outgrowths. It was shown that the increased laser energy density resulted in the formation of Y,0;
inclusions during the e-axis film growth, and that these inclusions nucleated the a-axis outgrowths.
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1. Introduction

For applications of superconducting thin films to
electronic devices such as microwave resonators [1]
and digital devices [2], high-quality thin films are
prerequisite. To date, YBa,Cu;O,5 (YBCO) thin
films are primarily used to fabricate such devices.
There has been a number of research dedicated to the
deposition of YBCO thin films, however, the opti-
mum range of deposition parameters for preparing
high-quality films is quite narrow [3], [4]. Conse-
quently, it is still of significance to understand the
microstructure and property relationship of thin
films.

Of the various deposition methods, laser ablation
is the most poralar one [5], [6]. Much effort has been
concentrated on the effects of deposition parameters
of laser ablation, such as laser energy density [7],
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substrate temperature [8], and oxygen pressure [9].

In general, laser ablation of YBCO thin films has
commonly employed targets fabricated using con-
ventional solid-state sintering. It is known that the
surface quality of the target has an influence on the
vapor species ejected from the target [10]. Therefore,
it is expected that the target would affect the micro-
structures and properties of the deposited films. In
the previous study [11], [12], we employed modified
melt-textured growth (MTG) method as well as the
conventional sintering to fabricate YBCO targets.
Firstly, the effects of the microstructural difference
between the two targets were investigated [11].
Secondly, the film microstructures prepared from the
two targets were compared [12].

In the present study, we focus on YBCO thin films
laser-ablated from the MTG targets. The thin films
were deposited at a laser energy density from 1 J/cm®
to 4 J/cm®. The microstructures and superconducting
properties of the films were investigated, and their
relationship was discussed.
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II. Experimental

The MTG process to fabricate YBCO targets was
reported previously [11]: Y,0s;, BaCO; and CuO
powders were weighed, mixed, and calcined at 880°C
for 12 h three times. The calcined powder was
pressed into a disk of l-inch diameter, and then
heated up to 1060°C to partially form a liquid phase,
quenched down to 1010°C, and finally slow-cooled
to 910°C to promote grain growth. The heat-treated
disk was annealed in flowing oxygen at 500°C for 10
h to compensate for oxygen loss.

YBCO thin films were deposited on (100) LaAlO;
substrates using a KrF excimer laser (248 nm). While
the substrate temperature and oxygen pressure were
kept at 760°C and 100 mTorr, respectively, the laser
energy density was varied in the range of 1-4 J/cm®.
After the deposition, the vacuum chamber was filled
with oxygen up to 500 Torr, and the deposited films
were annealed in situ at 500°C for 1 h during
cool-down. All the films have a thickness of about
200 nm.

Analysis of the phase and orientation for films
were performed using an X-ray powder diffractome-
ter (MacScience MPX18, CuK,). The surface mor-
phology of films was investigated using a
field-emission scanning electron microscope (SEM,
Hitachi S-4200). The detailed microstructure of films
was investigated using a high-resolution transmission
electron microscopy (HRTEM, Hitachi H9000-NAR,
300 kV).

To evaluate the superconducting properties, such
as critical current (T.) and critical current density (J.),
of films, the deposited films were patterned into a
bridge 400 um long and about 10 um wide, and the
electrical measurements, such as R-T and -V, were
carried out using the dc 4-probe method. 1 pV
criterion was used to determine the critical current.

I11. Results and discussion

3.1. Superconducting property

Fig. 1 shows the T, and J. (at 77 K) of the films
obtained from R-T and [-V measurements. For the
laser energy densities in the present study, the films
showed T, of about 84-88 K, and no dependence of
T, on the laser energy density was found. The oxygen
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Fig. 1. Critical current (T.) and critical current density (I.)
of YBCO thin films vs. laser energy density during deposi-
tion.

pressures during deposition and in-situ annealing
were the same for all of the films such that the oxy
gen contents of films were considered to be nearly
constant. Unlike T., J. of the films showed some
behavior dependent on the laser energy density. As
the laser energy density was increased, J. increased
up to the highest value of 3.7x10° A/cm?® at 3 J/em®.
However, at 4 J/cm?, the J, was abruptly decreased.
Since J; is dependent on the film microstructure, the
microstructural analyses were carried out to under-
stand the J. variations.

3.2. Microstructure

Fig. 2 shows the XRD patterns of the films. All of
the films were c-axis preferred oriented. For com-
parison, the peaks of the films were normalized with
respect to the substrate (200) peak. As shown in Fig.
2, the (00/) peaks of the films became stronger and
sharper with an increase of the laser energy density,
which indicates that the c-axis alignment among the
grains in the films was improved. At 4 J/cm?,
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Fig. 2. XRD patterns of YBCO thin films deposited a
various laser energy densities. All of the film peaks are
normalized with respect to the substrate (200) peak.

however, the film peaks had considerably reduced
intensities with much broader widths. It is considered
that this microstructural change is related to the J;
behavior in Fig. 1. To further examine the film
microstructures, the surface morphologies of films
were investigated.

Scanning electron micrographs of the surfaces of
films deposited at 3 J/cm®and 4 J/cm® are shown in
Fig. 3. While the film at 3 J/cm® showed rather
smooth surface with a few surface outgrowths, the
surface of the film at 4 J/cm? was remarkably cov-
ered with a-axis outgrowths [12]. The significantly
decreased (00/) peaks of the film at 4 J/cm?, shown in
Fig. 2, were attributed to these a-axis outgrowths. In
addition, the g-axis outgrowths would reduce the
actual c-axis oriented region carrying the supercur-
rent. This would result in the decrease of J.. To
understand thc reason why the a-axis outgrowths
were consid..ably formed at 4 J/em®, cross-sectional
specimen of the film at 4 J/cm® was investigated
using HRTEM.

In Fig. 4(a), a high-resolution electron micrograph
of the film deposited at 4 J/cm® is presented, which
shows that a-axis grain was heterogeneously nucleat-

(b)
Fig. 3. Scanning electron micrographs of the surface of the
film deposited at (a) 3 J/em? and (b) 4 J/em?.

ed on a second phase during the growth of c-axis
basal film. Fig 4(b) and (c¢) show a selected-area
electron diffraction pattern and the corresponding
schematic for the area in (a), respectively. In addition
to the diffraction spots of c-axis basal film and a-axis
outgrowth, those of the second phase appeared. The
spots correspond to Y,O; (004) planes, as reported
elsewhere [13]. As a consequence, the second phase
was identified as Y,O; inclusion with the orienta-
tional relationship, [110}y.0.//[100]ypco and [001]y.os
//1001]ygco [14]. The nucleation of a-axis outgrowth
on Y,0; inclusion will be discussed elsewhere [14].
The MTG targets prepared in the present study had a
cationic ratio of Y:Ba:Cu=1.25:2:3 [14]. In general, it
is known that Y-rich phases on the target surface
have a higher ablation threshold [15]. As the laser
energy density is increased, the Y-rich phases are
easily ablated from the MTG targets. This results in
the Y-rich composition of vapor species ejected from
the target, and as a result, the formation of Y,0;
inclusions in the growing film.
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Fig. 4. (a) High-resolution electron micrograph for the
cross-section of the film deposited at 4 J/cm?. g-axis grain
(denoted as a-YBCO) was nucleated on Y,0; inclusion
formed in the c¢-axis film (denoted as ¢-YBCO); (b) and (¢)
selected-area electron diffraction pattern for the area in (a)
and the corresponding schematic. The subscripts a, ¢, and
Y denote g-axis and c-axis YBCQO, and Y,0s, respectively.

IV. Conclusion

YBCO thin films were deposited by laser ablation
using the targets that were fabricated by modified
melt-textured growth rather than conventional sin-
tering. As the laser energy density was increased
from 1 J/em® to 3 J/em?, the films showed an in-
creasing c-axis orientation and an improvement of
superconducting properties. However, at 4 J/cm?, the
degree of c-axis alignment and J. of the film were
considerably reduced. These were attributed to the
enhanced g-axis outgrowths, which were nucleated
on Y,0O; inclusions formed during the c-axis film
growth.
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